Introduction
schemia-reperfusion (I/R) injury of the intestine is an important factor associated with a high morbidity and mortality in both surgical and trauma patients [1] . It is very important in some situations such as the interruption of blood flow to the gut as in abdominal aortic aneurysm surgery, cardiopulmonary bypass, strangulated hernias, neonatal necrotizing enterocolitis and intestinal transplantation [2] . I/R injury of the intestine also occur in septic and hypovolemic shock [3, 4] . Intestinal I/R injury may induce multiple organ dysfunction syndromes (MODS), which is associated with damage of oxygen radicals, energy metabolism and overload of intracellular calcium, leukocyte adhesion and endothelial cell injury [5] . During reperfusion, oxygen reaches the tissue and produces a large amount of reactive oxygen species (ROS), resulting in peroxidation of cell membrane and ultimately apoptosis due to exacerbation of necrosis and triggering of a series of biochemical reactions [5, 6] . Thus many methods have been used to prevent or reduce oxidative stress damage, including the use of low temperature, antioxidants drugs, free radical scavengers for reducing the active oxygen production and ischemic pretreatment [6] [7] [8] [9] .
Origanum vulgare is part of the Labiatae family [10] and belongs to the Origanum genus which is native to warm temperate environments from Eurasia to the Mediterranean region [10, 11] . O. vulgare is used in traditional medicine as diuretic, stimulant, antimicrobial, antiinflammatory, antioxidant and anticancer [12] . Many of these activities have been attributed to compounds including, carvacrol, thymol, rosmarinic acid, borneol, organol, ursolic acid, monoterpene hydrocarbons (limonene, terpinene, ocimene, caryophyllene, βbisabolene and p-cymene) and monoterpene alcohols (linalool, 4-terpineol) [13] [14] [15] [16] .
To now date, there is no documented data about the intestinal protective effects of O. vulgare in intestinal ischemia reperfusion injury, so the present study was designed to evaluate the effect of ethanolic extract of O. vulgare in protection of the intestinal mucosa following experimental intestinal ischemia/reperfusion injury in rats.
Materials and Methods
Plant material and extraction procedure: In this experimental study, O. vulgare plants were collected at flowering stage from plants growing wildly in Kerman province, Iran. Taxonomic identification of plant materials was confirmed by the Agricultural Research Centre of Shahid Bahonar University of Kerman and voucher specimens were deposited in the Herbarium of the School of Pharmacy, Kerman University of Medical I Sciences, Kerman, Iran. One gram of dry oregano leaves powder was added to 200 mL of distilled water and boiled until the volume was reduced to 100 mL. The extract was then stirred at room temperature for 24 h. Water soluble extracts were obtained following centrifugation at 10,000 × g for 14 min [17] .
Animals: Twenty four male Wistar albino rats with weight ranging 200-250 g were provided from the Animal Laboratory of Kerman University of Medical Science, Kerman, Iran. The animals were housed at a temperature of 21-24ºC in an air-conditioned room with a controlled 12 h light-dark cycle and supplied with standard pellet food and tap water ad libitum. All rats received humane care according to the Research Ethic Committee of the Shahid Bahonar University of Kerman, Iran.
Study design: The rats were randomly divided into 4 equal groups. In group I/R, the rats were treated with normal saline (1 mL/rat) for 1 week before surgery operation. On day 8, the animals were anesthetized by intramuscular injection of xylazine 2% (10 mg/kg) and ketamine 10% (90 mg/kg). All operative procedures were performed under aseptic condition by one surgeon. The abdomen was opened by a midline incision and the bowels were partly exteriorized outside the peritoneal cavity to the right side to expose the aorta. The bowels were kept warm by wet gauze with warm normal saline and the animals were kept warm by an overhead heating lamp during surgery. Intestinal ischemia was induced by clamping the aorta with a vascular clamp above the celiac artery. The abdomen was closed and after 45 min, the clamp was removed to reperfusion the gut. One hour after reperfusion, the animal's abdomen was reopened and 2 inches of proximal jejunum was removed for microscopic investigation. Finally the animals were killed. In treatment groups I and II, the animals were gavaged with 200 and 400 ppm (1 mL/rat) of the ethanolic extract of O. vulgare, respectively for one week before surgical operation. On day 8, the animals underwent abdominal operation same as group I/R (inducing I/R injury by clamping and declamping the abdominal aorta) and jejunum specimens were collected, finally. In group sham, the animals were gavaged daily with normal saline (1 mL/rat) same as group I/R. On day 8, the abdomen was opened and the visceral organs were manipulated without applying clamps. The abdomen was closed and then reopened in the same time interval as the other groups and finally the specimens were taken from the proximal jejunum. The intestinal lumen in all groups were immediately cleaned with phosphate buffered saline and the tissues were fixed by injecting 10% phosphatebuffered formalin through one end of the bowel using a 20 mL syringe, then intestine was engulfed in 10% phosphate-buffered formalin. The specimens were further fixed in the same fixative for 48 h. The samples were embedded in paraffin wax afterwards. Sections in 5 μm thickness were stained with hematoxylin-eosin and examined microscopically.
Microscopic lesions in the intestine were graded according to the scoring system of Chiu et al. Accordingly, the lesions were evaluated as follows: normal intestinal mucosal villi (grade 0); villous edema and vascular congestion (grade 1); fragmentation of tips of villi with hemorrhage (grade 2); fragmentation and loss of upper third of villi (grade 3); villi lost but crypts present (grade 4) and complete mucosal necrosis (grade 5) [18] .
Statistical analysis: Obtained data were expressed as median and range for all groups. Scored values were analyzed using nonparametric Mann-Whitney U test due to the small sample size. The SPSS-16 (SPSS Inc., Chicago, IL, USA) was used in order to perform analyses. p<0.05 was considered to be statistically significant.
Results
Histomorphometrical findings of the sham group revealed normal intestinal mucosa (median 0, range 0-0), characterized by tall villi with equal thickness and normal crypt (Fig. 1A ). Significant increase in histomorphometric scores was noted in I/R group compared to sham group (p=0.005). I/R group animals showed severe mucosal damage, denudation of villi, complete loss of villi and eventually complete mucosal necrosis (median 5, range 4-5) ( Fig.1B) . Treatment groups I (200 ppm) and II (400 ppm) showed less severe lesions in compared to I/R group, significantly (p=0.006, p=0.008 respectively). Median and rang of histomorphometric scores in treatment groups I and II were recorded 2 (1-3) and 1 (1-2) respectively. The results of present study showed that there were significant differences between treatment groups I and II compared to the sham group (p=0.005, p=0.004 respectively). Also, the analysis of data demonstrated that there was significant difference between treatment groups I and II (p=0.054) (Fig.1C and D ).
Discussion
The results shows that the O. vulgare leaf ethanolic extracts at doses of 200 and 400 ppm have protective effects against intestinal ischemia-reperfusion injuries in rats. In various organs, including the small intestine, tissue damage and impaired function develop after temporary ischemia; not only during the hypoxic period, but also after re-oxygenation [19] . Blocking the oxygen supply during ischemia of the tissue leads to impeding aerobic energetic metabolism with depletion of intracellular levels of adenosine triphosphate (ATP), disruption of oxidative phosphorylation in the mitochondria and cellular homeostasis [20] .
Moreover, there is an accumulation of metabolites, which directly or through mediators can cause cellular injury [21] . Paradoxically, restoration of the blood supply and reintroduction of oxygen to the tissues cause additional cell injury that is referred to as reperfusion injury (oxygen paradox). Oxidative stress, intracellular calcium overload, neutrophil activation and excessive intracellular osmotic load have all been proposed to explain the pathogenesis and the functional consequences of the inflammatory injury that is well documented in the ischemic-reperfused intestine [22] . Compared to other internal organs, the intestine is the organ that is most sensitive to I/R injury in the body [22] . I/R injury of the intestine is a complex, multifactorial, and pathophysiological process that involves the dysfunction of absorption, actions of oxygen-derived free radicals, cytokines, nitric oxide and PMNs [23] . I/R injury to the small intestine causes local production of the ROS, which is known to play an important role in gut epithelial damage [24] . Intestinal mucosal mast cells (IMMC) are particularly frequent in close proximity to epithelial surfaces, where they are strategically located for optimal interaction with the environment and for their putative functions of host defense [25] . Previous studies have demonstrated that the degranulation of IMMC can be induced by oxidants generated in the post-ischemic gut and the released inflammatory mediators such as histamine and tumor necrosis factor-α (TNF-α) could aggravate the injury to intestine after reperfusion [26, 27] . In line with general I/R-induced cell damage, also in intestinal I/R, apoptosis is the major mode of cell death in the destruction of epithelial cells [28] .
Several agents have been investigated for the prevention and/or treatment of mesenteric I/R injury. Agents under investigation include antioxidants, several amino acids, phospholipids, hormones, polyphones and flavonoids, herbal extracts, pharmacological agents, carbon monoxide inhalation, erythropoietin, statins and hyperbaric oxygen [29, 30] .
In ethnopharmocological knowledge, natural herbal products are studied for development of new drugs with less toxicity and more efficacies [31] . Several herbal therapies containing antioxidant activity have been already suggested for the treatment of intestinal ischemia/reperfusion injuries. Ghasemkhani et al., Kheirandish et al., Abdeen et al. and Compolo et al. in the individual researches administrated Zataria multiflora, olive oil, green tea extract and fenugreek seed extract for protection of intestine tissue following induction of experimental I/R injuries, respectively. All of these researches stated that these compounds are able to protect the intestine mucosa against I/R injuries mainly via their antioxidant activities [32] [33] [34] [35] . O. vulgare is an important medical plant and its antioxidant effect is related to the presence of thymol and carvacrol [36, 37] . Among the volatile aglycones, besides thymol (3.5%) and carvacrol [17] . The results of this study clearly showed that pretreatment by ethanolic extract of O. vulgare (200 and 400 ppm) had positive effects against intestinal damage resulting from ischemia-reperfusion compared to the I/R group in rats. Also intestinal mucosa in treated group by 400 ppm of extract had noticeably less damages in compared to 200 ppm and this finding revealed that O. vulgare extract possess the therapeutic effect in a dose-dependent manner. In conclusion, our study suggested that ethanolic extract of O. vulgare has a useful defensive role in the prevention of intestinal I/R injuries due to its antioxidant and anti-inflammatory properties. pathological slides. Omid Azari and Saeedeh Shojaeipour wrote the manuscript.
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